In this paper we calculate nearest neighbour relaxation in some dilute substitutional alloys using a lattice static Green function and the Morse potential function. Distant neighbour relaxation is calculated by invoking a continuum approximation. The potential parameters for the unlike interactions are calculated using simple interpolation formulae. Using the above relaxation, we calculate volume changes in the above alloys. It is observed that the simple model predicts values which are in reasonably good agreement with the experimental values in all cases. The calculated values are also compared with those obtained from the Vegard law. For Au-Ag alloy, our model reproduces both the correct sign and the magnitude of the volume change, whereas the Vegard law cannot even give the sign of the volume change. This shows the inherent strength of the present model.
Introduction
In studies of point defects, lattice relaxation plays an important role. Earlier, we have developed a consistent semi-discrete approach for the determination of the lattice relaxation and applied the same for the studies of substitutional defects in alkali halide solid solutions [1] and obtained good agreement with the experimental results. Besides the above method, there is another more powerful and theoretically more rigorous method based on a Green function to determine lattice relaxation. The Green function approach has been discussed in detail by Caldwell and Klein [2] and by Tewary [3] . In a previous paper [4] we have employed the Green function method to study the variation of nearest neighbour separation with concentration of defects in alkali halide solid solutions and have (359) got encouraging results. In this paper, we try the above approach to estimate lattice relaxation and hence to calculate volume changes in some dilute metallic alloys. The method can also be applied to alloys with a finite concentration of defects with a suitable modification using Huang's idea [5] . Our work along this line on K-Cs alloy is in progress and will be reported elsewhere. In addition to the simplicity and rigour, the present approach has the advantage that it minimises the labour of computation to a great extent.
In studies of point defects, it is usual to divide the crystal into two regions. Region I consists of the immediate neighbourhood of the point defect, and this region is treated in detail, atomistically. The remaining portion of the crystal is the region II. Using the continuum approximation for the region II, one puts the relaxation of an ion at a distance r from the defect as K/r 2 , where K is a constant which we call the defect strength constant. For the region I, relaxation, unn , of nearest neighbour to defect is written as u nn = εr1, where r1 is the nearest neighbour distance of the host crystal and Ę is a parameter determined by the Green function discussed in the next section. Several different procedures for the determination of the constant K exist in the literature [6] [7] [8] . Considering the simplicity, we follow the method suggested by Brauer [6] . The details of the procedure of determination of K is also discussed in the next section. Utilising these relaxations and using the Morse potential function, we calculate volume changes in some low concentration binary alloys and compare them with the experimental values and those obtained from Vegard's law [9] . Considering the simplicity of the model, the agreement between the calculated and the experimental values seems to be quite appealing.
Theory
For a monoatomic crystal, the relaxation U(l,α) of an ion in the l-th cell along the α(= x, y, z) direction is given by where m is the mass of an ion of the pure crystal, is a square (3N x 3N) force constant matrix of the pure crystal, N is the number of cells in the crystal, b(q, a, j) are the eigenvectors and ω(q, j) are the eigenfrequencies and j = 1,2,3. F(Iß) in Eq. (1) is the additional force experienced by an A (host) ion in the l-th cell along the ,Q (= x, y, z) direction due to the substitution by a foreign B (defect) ion at the origin. From Eqs. (1) and (2) we can find the displacement U(lα) of an ion of the pure crystal provided the phonon spectrum of the perfect lattice is known. In the present paper, we have replaced ω 2 (q, j) by an average Einstein frequency defined by
We have used the Morse potential for the purpose of calculation of (w 2 ) and F ( l ' ß ) .
For a two-body central potential Φ(rij )
For a fcc crystal and interaction up to the next nearest neighbour (nnn), we can write where 2r0 is the lattice parameter, r1 and r 2 are, respectively, the nearest neighbour (nn) and second nearest neighbour distances. Relaxation of the A ion at the nn site of the defect B ion at the origin is
Potential parameters for like and unlike atomic interactions
The Morse potential function is usually written in the form where D, α and r0 are potential parameters. We shall, however, use a more convenient but equivalent farm Given by The cohesive energy per particle is given by Considering interactions up to the second neighbour and the potential given by Eq. (8) or (9) we get where n1 and n2 are the numbers of equivalent sites for the nearest neighbours (nn) and next nearest neighbours (nnn) and r1 and r2 are the respective separations. n i = 12, n 2 = 6 and r2 =√2r1 for a fcc crystal. We now have the equilibrium condition where r1 is the harmonic value of the nearest neighbour separation. The expression for the harmonic bulk modulus can be written as where V is the volume per atom. V = r3/1/√2 for a fcc crystal. Equations (12) , (13) and (14) can be used to determine the potential parameters for pure metals, using the experimental values of the cohesive energy corrected for zero point effect, the harmonic values of the lattice parameter, and bulk modulus. These parameters along with the data used for their evaluation are listed in Table I . The potential parameters for unlike interactions have been determined following the combination rules adopted for unlike molecular interactions in gas pairs on the basis of the Morse potential function [10] . The combination rules for unlike interactions may be summarized in the following way. If the potential parameters for A-type atoms are The parameters determined in this manner are listed in Table II. TABLE II Parameters of the Morse potential for AB interactions from combination rules.
Volume change
The expression for the volume change can be obtained from Eshelby's continuum theory of elasticity [11] and is given by (for fcc crystal)
where C is the fractional concentration of the impurity ion. The parameter determines the nearest neighbour relaxation and is determined by the equation where the merging parameter k is taken to be unity following Brauer's [6] assumption. Hence Eq. (19) reduces to.
Considering the image term [11] , the above expressions for the volume changes will be multiplied by 311+w) where v is the Poisson ratio. For almost all metals, v = 1/3. Hence, we get volume change for fcc crystals,
Results and discussion
From Table III , we note that, except Cu-Au alloy, the calculated values agree with the experimental values within reasonable limits (within 30%). Signs of volume changes come out correctly in all cases. Considering the very large uncertainty in the experimental measurement this agreement is not bad. The discrepancy in Cu-Au alloy seems to be due to the fact that the Brauer approximation (k = 1) overestimates the distant neighbour relaxation in this case. Another interesting point may be noted in connection with Au-Ag alloy. Here the Vegard law cannot predict even the sign of the experimental volume change, whereas the present model reproduces both the sign and the magnitude. This shows the inherent strength of the present model. In order to test the quality of the interpolation (suggested by Saran [10] ) construction of the A-B interaction potential, using the A-A and B-B potential parameters, we have recalculated the volume changes for all the alloys studied using an alternative choice, Cu-Au and Ni-Cu) disagreement between theory and experiment increases by about 3 to 9 per cent, whereas for the rest four alloys recalculated values show better agreement (by about 5 to 8 per cent) with the experimental values. This shows that the choice of Saran [10] is not unique, and other alternative choices which do not alter the calculated results appreciably exist. We get further justification in favour of the above statement from the fact that the nature of the potential curves does not alter significantly for the alloys by using the above alternative choice. In order to show the quality of the potential construction we have plotted the potentials for pure metals and their alloys in the same graph ( Figs. 1  and 2 ) for the alloys Au-Cu and Cu-Ni respectively.
